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T H E COTEMPORANEOUS VARIATIONS OF T H E 
NUCLEATIONS AND T H E IONIZATION OF 

T H E ATMOSPHERE OF PROVIDENCE. 

BY LULU B. JOSLIN. 

I. Introduction. — The results obtained by Professor Barus,1 

showing a characteristic succession of the values of atmospheric 
nucleation throughout the year, suggested a parallel inquiry into 
the variations of the number of ions in the atmosphere in the lapse 
of time. The present work which will appear in full in the Carnegie 
Publications, was therefore undertaken at his instigation, and obser
vations systematically carried forward from August, 1905, to April, 
1906. 

In addition to the main purpose in view, it was hoped that a 
number of subsidiary questions might be answerable. Thus a large 
part of the nucleation of Providence is of local origin and enters the 
atmosphere with other products of combustion. Initially these 
nuclei were either highly ionized themselves, or the atmosphere 
originally received an accession of ions and nuclei in proportional 
quantities. It is therefore of interest to inquire whether any of the 
ionization survives, or whether there is any connection observable 
between corresponding changes of the nucleation and the ionization 
of a given place. The results which are carefully tabulated in the 
present paper seem to show that there is no such connection what
ever ; or that the ionization is maintained by causes which are quite 
distinct from those which bring forth the nucleation. No evidence 
suggests that the ionization is either emitted or absorbed by the 
nucleation, whence it follows that the ionization arises from agencies 
wholly nonlocal or artificial. 

Apart from these main purposes, the data are interesting as a 
continuous record of ionization (which will be supplemented in the 

1 Smithson. Contrib., XXXIV., No. 1651, 1906, Chap. IX. Carnegie Publications, 
No. 40, January, 1906, Chap. IV. and V. 
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future), though as yet, sufficient time has not elapsed to ascertain 
whether the opposition in the monthly positive and negative ioniza
tions found in the sequel is real or incidental. Cf. Fig. 5. 

Finally I may add that work to investigate a possible relation 
between the nucleation and the ionization of the atmosphere, was 
undertaken in Helgoland and on the coast of the Ostsee by Prof. 
G. Ludeling1 in 1902 and 1903, using Aitken's dust-counter. 

The time during which observations were recorded (August 21 
to September 16, 1902, June 17 to July 4, 1903) were insufficient 
to warrant general conclusions, however, apart from the interesting 
special investigations which Professor Liideling's paper contains. 
Reference should also be made to P. Langevin's2 important dis
covery of slow-moving ions in the atmosphere ; but comparisons of 
this nature are beyond my present purpose. 

2. Measurement of Nucleation. — The number of nuclei in the 
atmosphere was measured by aid of the coronas of cloudy condensa
tion, in the way fully described by Professor Barus (Smith's Contrib., 
1. c , Chap. 8) and the same apparatus which had proved efficient 
in the earlier investigations was used throughout the present exper
iments. Two or more observations were usually made daily, to
gether with the meteorological elements of wind, weather and similar 
data. The ionizations referred below, § 7, were taken in the same 
place. 

3. Data for Nudeations.—The tabulated data (which will here 
be omitted) show the day and month, the time in hours and tenths 
of an hour, the current weather, the direction of the wind and the 
temperature of the atmosphere in degrees Fahrenheit, etc. Further 
data referring to the coronas give the temperature of the fog cham
ber in degrees C , the diameters, s, of the coronas at the end of a 
radius of 30 cm. Hence .9/30 is nearly their angular diameter when 
the eye and the source of light are at distances 85 cm. and 250 cm. 
on opposite sides of the fog chamber. Final data indicate the colors 
of the successive annuli of the coronas, reckoned from within out
ward, and the number of nuclei in thousands per cubic centimeter 

1 Two papers in the Veroffentl. des Koniglich Preussischen Meteorologischen Insti-
tuts, Berlin, 1904. 

2 P. Langevin, Bull. Soc. Franc, de Phys., May, 1905, p. 79. 
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deduced from the amount of water precipitated per cubic centime
ter and the sizes of particles in successive coronas as listed by Pro
fessor Barus (1. a ) . 

TABLE I. 

Average values, for successive months, of the number of nuclei, n, per cubic centimeter 

in the atmosphere of Providence, R. J. 

Year. 

1905 

Month. 

August. 
September. 
October. 
November. 

n x io-« 

22.9 

24.2 
35.3 

45.3 

Year. 

1905 
1906 

Month. 

December. 
January. 

February. 

March. 

n X io-3 

50.3 

53.3 
53.1 

52.6 

4. Remarks on the Table of Nucleation. — With regard to the 
individual observations very little can be adduced that has not 
already appeared in the earlier work. Conformably with the mild 
winter, the nucleation as a whole is relatively low, an unfortunate 
occurrence in its bearing on the purposes of the present work ; but 
deductions of this character will be brought forward with advantage 
in connection with the daily and monthly mean nucleations below. 
It is rather curious that the forest fires on Cape Cod in the early 
May and the powder combustion on July 4 produces so little im
pression ; on the other hand, the cold weather in August is at once 
marked by large coronas. 

5. Mean Daily Nucleation. — The data of § 3 were then averaged 
for the successive days in the second table. The results are recorded 
graphically at the bottom of the charts, Figs. 1 to 4, where the cur
rent days appear as abscissas, the corresponding mean nucleations 
in thousand per cubic centimeter as ordinates. One may note the 
rare occurrence of the large g-b-p coronas so frequently met in the 
high nucleations of the preceding winter. 

6. Mean Monthly Nucleations. — The data of the last table suffice 
for the determination of the average nucleations per month, care 
being taken to omit the days on which no observations were taken. 
Table I. contains the results. 

These data are shown in the lower graphs of Fig. 5. What is 
remarkable is the gradual rise of the curve to a persistent maximum 
reaching nearly into April. True the winter was relatively mild 
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and the spring relatively cold; but one would not be prepared to 
predict nucleations so uniformly maintained between November and 
April. The distribution is in fact peculiar, as may be seen by com
paring it with the nucleation of the preceding years,1 since 1902. 

31 Aug. 10 20 30 Sept. 9 19 Z9 Oct. 9 

Fig. 1. 

7. Measurement of Ionization. — To determine the number of 
ions in the atmosphere, Ebert's 2 well known apparatus was used. 
This consists of a tubular condenser, the inner coat of which is 

^arus , PHYS. REVIEW, XXII., 1906, pp. 91, 92. 
2 H . Ebert, Illustr. Aeronaut. Mittheilungen, Oktober, 1902, pages 1 to 10. 
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charged and in contact with a graduated electroscope. The air to 

be examined is passed through the condenser by an aspirator-fan 

propelled by clock-work. The air delivery of the machine is also 

carefully standardized. 

Oct. 9 19 Z9 AV. S /8 Z8 Dec 7 11 

Fig. 2. 

In order to test the same air which yielded the nuclei for the 

preceding measurement, the electrical apparatus was swung from 

the outside of a window on a long swivel bracket. In this way it 

could be drawn near the window for charging and examination with 

appropriate lenses, or moved to a reasonable distance away from the 
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window during the passage of the air to be tested. In winter all 
measurements must clearly be made with a galvanoscope on the 
outside of the house. 
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Fig. 3. 

The difficulties encountered in using this apparatus in cold weather 
will be investigated later (§ 10). Here some reference to its con
stants is in place. The quantity of air passed through the condenser 
in the fiducial time (about JO minutes) was 1.0357 x io6 cubic centi
meters ; the capacity of the condenser 17.74 cm. Hence if V is 
the drop of potential in volts during the fiducial time specified 
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7 ' 7 4 1.0357 x io6 17.52 x io6 

denotes the charge in one cubic centimeter of air. As 3.4 x 1Q~~W 

is the electrostatic charge per electron 

Q V 
3.4 x io~7 ' 

g-, nearly, 

shows the number of ions per cubic centimeter. Measurements to 
find their velocity were not made, as this would have carried me 
too far from the purposes of this paper. 

I may add that a similar apparatus was installed, in which the 
winter indraft of cold air (through a condenser), measured by an 
anemometer, was utilized. The object here was to determine the 
hourly variations of ionization. Though many observations were 
taken their meaning is vitiated by the temperature discrepancy men
tioned in § 10. For this reason, perhaps, a periodicity similar to 
the one discovered by Wood and Campbell1 with stagnant air, was 
not detected. It need not, of course, be manifest with atmospheric 
air. 

8. Data for Ionization. — The tabulated data contain the date 
and hour, the weather, etc., the fall of potential V— v {v being the 
fall in the absence if the aspirator air current) in volts during the 
ten minutes of observation. From this the charge Q in electro
static units per cubic meter, and the number of ions ny in thousands 
per cubic centimeter, were computed. The sign of the charges was 
indicated in each case, together with their ratio (Q+ / Q-). The 
correction v is regarded as negligible. 

9. Remarks on the Tables. — Perhaps the most expeditious way 
of digesting this large body of observations is to plot them graphi
cally (as above) in relation to time. This was carefully done 
throughout, and the statements now to be made refer to this sum
mary.2 It is not probable that positive and negative ions will show 
the same fluctuations in number, but a general similarity in the 
trend of the curves may be anticipated. 

1 Nature, April, 1906, p. 583. 
2 The daily means, Figs. 1-4, also elucidate the text. 
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Beginning with August, 1905, the positive and negative ioniza
tions usually vary in the same sense though rarely in the same 
absolute magnitude. There being but two observations, as a rule, 
for the day, the nature of the fluctuations is not referable to periods ; 

ZS AhTr TT tf Aug. St,pt Oct Nov. Dec Jan,. Feb, Ma,r. 

Fig. 4. Fig. 5. 

and indeed there is as liable to be a rise as a fall of values during 
the middle hours of the day. Towards the end of the month and 
in the beginning of September, there is an absence of agreement in 
the march of positive and negative ionizations. Frequently the 
variation of one ionization is apt to lag behind the other. 
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After the seventh of September the positive and negative varia
tions tend to take the same sign again, but the agreement in the 
course of a month is less marked than before. 

In October the earlier observations are as a rule in the same 
phase until October 10, where the first of a series of anomalies 
occur to be specially considered later (§ 10). While the data 
throughout the remaining part of October are regular, there are 
similarly displaced variations towards the end, which run quite into 
the next month. 

During November similarity of variation of the positive and neg
ative ionization may still be recognized, but in December the diver
gence of data is so marked that it is not possible to coordinate them ; 
and the same discrepancy shows itself in January, both as regards 
the signs of variations and their absolute values. One may note 
moreover, that the positive curve, the observations for which were 
first taken, is more irregular in its march and fluctuates between 
relatively enormous values. Though there is some agreement in 
phase between January 18 and 25, the anomalies increase again at 
the close of the month. 

The attempt was therefore made in February (§ 10) to account 
for and remove these discrepancies, and though this was but par
tially successful, the positive and negative results during the re
mainder of the season again return to an unmistakable agreement 
in character. There is moreover a curious parallelism between the 
general march of the nucleation curves and the ionization after 
February 15 as far as March. In the latter month the positive and 
negative ionizations, though at first fluctuating and uncertain, are 
finally in very close agreement. 

From what has been stated it appears that the positive results 
during December and January are liable to be untrustworthy. The 
negative results, which were taken after the positive, show less 
irregular fluctuation and are in a measure acceptable throughout 
the eight months of observation. 

10. Errors of Measurement. —The abnormal data during the oc
currence of cold weather, and as a rule in December and January, 
show that some grave error must here have crept into the results. 
As every part of the condenser and appurtenances functioned fault-
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lessly, this error is liable to be found in the galvanoscope. Changes 
of temperature produce vertical currents in the capsule which 
modify the deflections of the aluminum foils. In the mean ranges, 
one scale part of double deflection is equivalent to about six volts, 
or to one thousand ions per cubic centimeter. Hence the presence 
of any secondary disturbance like the one in question is of very 
serious consequence. Prior to measurement, the apparatus was 
naturally left in the cold air out of doors until temperature uni
formity was presumable. But this is %not sufficient as the special 
observations in the early part of February show, even for a galvan
oscope dried with sodium. 

Turning first to the leakages due to conduction, etc. (v in the 
above equation), direct experiments made at different times showed 
values of .073, .067, .120 volts per minute, or less than .9 volts 
for the ten minutes of observation. This is equivalent to an excess 
of 150 ions per cubic centimeter. As it is applied equally to the 
positive and to the negative ions, is independent of the size of the 
deflections and the same, no matter whether the deflections on both 
sides are equal or not, it has no bearing on the outstanding errors 
in question. It was not deducted from the ionizations n of Table I. 
which are therefore slightly too large. 

Trials made between February 4 and 11 showed that in almost 
every case the first measurements (whether for positive or negative 
ions), even after the galvanoscope had been exposed to the cold air 
for some time, is too large. This discrepancy may at times extend 
to the second and third observations (February 6, 9, 11). Usually, 
however, the second and third observations are liable to be trust
worthy (February 6, 10, 11, etc.). Hence electroscopic apparatus 
which cannot be left permanently out of doors, but is taken from a 
warm room into the cold atmosphere, even if it is sodium dried, is 
not liable to show warrantable results after mere waiting for uniform 
temperature. It seems additionally necessary to pass a large volume 
of cold air through the condenser, or to make successive measure
ments in series. The observer is usually in doubt, whenever the 
positive and negative ionizations differ widely, so that at least three 
tests must be made. The tendency of the apparatus to show spurious 
results is usually indicated by an inequality of deflections of the 
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foils on either side of the vertical. They may increase to a max
imum after charging and then decrease regularly. The latter prob
ably finds an explanation in the gradual cessation of down-pouring 
cold air current near the sides of the capsule of the galvanoscope, 
but the persistence of unequal deflections must follow from other 
causes. Remembering that the air is desiccated internally with 
metallic sodium, it seems hardly credible that there can be a pre
cipitation of moisture from this dried air on the aluminum foils ; 
and yet the behavoir is such as if a moisture gradient from the foil 
nearest the sodium to that more remote, were permanently main
tained. In such a case there would be slight but unequal precipita
tion of vapor on the two foils, in an apparatus passing from warm 
to cold, and persistence would be due to freezing. The only other 
explanation is the possibility of charges on the very cold glass and 
other insulators which cannot be earthed. 

11. Mean Daily Ionization. — As in the preceding case, the 
observations were now averaged for single days. The results 
appear in special tables, here to be omitted as they are sufficiently 
given in .the charts, Figs. 1 to 4, where the number of ions in thou
sands per cubic centimeter are laid off vertically, the upper graph 
referring to positive, the middle to negative charge. Very little that 
is new may be taken from these figures and their appearance in this 
place is to serve as a basis for the monthly ionizations which follow. 
In comparing the ionizations with the nucleation of the atmosphere, 
however, these charts serve a useful purpose. Thus it would be 
difficult to detect synchronism in the nucleations and ionizations of 
August, September, October, November, December. But from 
the middle of January to the end of February suspicions of this 
kind would be justified. 

12. Mean Monthly Ionizations and Conclusion. —The straightfor
ward way of arriving at a conclusion as to the presence or absence 
of a relation between the nucleation and the ionization of the atmos
phere, consists in comparing the average monthly values for both 
cases. This is done in Table II., and graphically in Fig. 5. 

The curve showing the distribution of negative ions is probably 
the more trustworthy, as these observations were made last. The 
positive distribution curve is too high in December and January 
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for the reasons already stated, and its more probable course during 
these two months is indicated by the dotted line. It seems exceed
ingly curious, that whereas the fluctuations of positive and nega
tive ionization in successive observations on the same or on suc
ceeding days, usually show the same sign though not the same 
absolute value, this is not in general the case with the monthly ioni
zations. The two curves of Fig. 5 throughout the greater part of 
their course vary in opposite directions. 

TABLE II. 

Average values, for successive months, of the number, n, of positive and of negative ions 
per cubic centimeter in the atmosphere of Providence^ R. I. 

Year. 

1895 

1896 

Month. 

August. 
September. 
October. 
November. 
December.1 

January.1 

February. 
March. 

»Xio 3 (positive ions). 

1.16 
.95 
.80 
.78 

1.38 
1.58 
1.09 
1.03 

n X io~* (negative ions). 

1.02 
.78 
.95 
.96 
.88 
.80 
.74 
.84 

Compared with the uniform curve for nucleation, the appearance 
of the ionization curve is sufficiently distinctive. • The only con
clusion to be drawn from the results for the distribution of either 
the positive or the negative ions is this,, that there is no discernible 
relation between the number of ions and the number of nuclei pres
ent in the atmosphere at any time, or that the two distributions 
result from entirely distinct causes. The ionization of a given 
region in the long run is independent of artificial local contribu
tions, however abundant these may be.2 

BROWN UNIVERSITY, 

PROVIDENCE, R. 1. 
1 See \ 10. 
2 As the negative ions are more easily " absorbed" by the nuclei than the positive 

ions, one might refer the descent of the graph from November to February to some such 
cause; but the curve as a whole does not bear this out consistently. 


